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The Indonesian government plans to move the capital city from Jakarta to Penajam Paser Utara (PPU) which is 
the upstream area of Balikpapan Bay, East Kalimantan. There are several activities in the planned new capital city 
that potentially affect the condition of land and marine ecosystems, including clearing new land for housing and 
agriculture as well as expanding mining and petroleum areas. Directly or indirectly, these activities could affect 
the oceanographic conditions of Balikpapan Bay. For this reason, in order to obtain an up-to-date picture of 
Balikpapan Bay, an oceanographic survey was conducted in early March 2020. In addition, to support the analysis 
of marine dynamics in these waters and their predictions in the future, numerical simulations of hydrodynamic 
modeling were also carried out. Oceanographic observations indicate significant water stratification in the area 
about 20 km from the mouth of the bay. This result is also well illustrated in the hydrodynamic model numerical 
simulation, where there is a water loop at the confluence between salt and fresh water masses from two rivers 18-




The plan to move the nation's capital was officially 
announced by the President of the Republic of 
Indonesia in a press conference at the State Palace on 
August 26, 2019, from Jakarta to the Penajam Paser 
Utara Regency (PPU) and parts of Kutai Kartanegara 
Regency (Kukar), East Kalimantan Province 
(Ihsanudin, 2019). The new capital's planned area is 
located on the eastern coast of Kalimantan Island, 
which will be more precisely centered along the 
Balikpapan Bay area and directly adjacent to the 
Makassar Strait (Figure 1). The core area that will be 
developed as the new capital city is 2,000 - 3,000 Ha, 
and the central location is around 40,000 Ha, if a 
buffer is added, the total area will be up to 180,000 
Ha. Compared to Jakarta, which only has 661.5 
hectares, the area to be developed will be extensive 
(Ramadhani, 2019). 
This plan will undoubtedly impact on increasing 
the local economy and the possibility of 
environmental degradation both on land and at sea. 
Therefore, assessing the marine environment in 
Balikpapan Bay and its surrounding and predicting its 
existence based on the load that may occur are very 
important to do. The ocean health assessment 
framework is aimed at specific contexts, such as 
Balikpapan Bay's waters and its surroundings (Nur et 
al., 2018; Nurjaya et al., 2018; Widjayatnika et al., 2018; 
Lahjie et al., 2019; Hermansyah et al., 2020). It can be 
used not only for mitigation and adaptation to 
climate change in Indonesian marine water, but also 
as a basis for further policy-making, both at the local 
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East Kalimantan level and the Indonesian national 
level.  
The purpose of these observations is to provide 
an up-to-date status of oceanographic conditions in 
Balikpapan Bay based on observations and numerical 
modeling. Current environmental conditions will 
become a reference and predictions for the future.  
 
Materials and Methods 
Oceanographic and ecosystem observations were 
carried out in Balikpapan Bay on March 2-3, 2020. 
The records made consist of oceanographic physics 
observations on the first day in Balikpapan Bay's 
waters and its surroundings. The survey area includes 
sea waters upstream of the bay in the Penajam Paser 
Utara region and small rivers, and the waters around 
the mangrove forests along the Wain River. Water 
conditions were observed to analyze ecosystem 
conditions. Oceanographic physical parameters such 
as temperature, salinity, chlorophyll, and water 
transparency are measured in the water column to the 
bottom of the water using the Conductivity 
Temperature Depth (CTD). The data from CTD 
measurements will be used for physical 
oceanographic conditions related to mixing water 
masses and conditions of mangrove ecosystems and 
biota in these waters. 
The CTD measured in 16 station from surface to 
maximum depth. All CTD station showed in      
Figure 1. Temperature, Salinity and Chlorophyll-a 
data from 16 CTD casting used to analyze the surface 
and subsurface pattern. Ocean Data View applied to 
plot the data. Data Interpolating Variational Analysis 
(DIVA) technique applied to remove the bias in 
interpolating the data (Troupin et al., 2012). On the 
second day, a land survey was conducted to observe 
the ecosystem's condition in the bay and the coast 
around the city of Balikpapan. This land survey took 
the ecosystem's landscape and its biota, especially in 
the Margo Mulyo Mangrove Forest. It shows in 
Figure 1 around CTD10A to upstream. 
In addition, numerical modeling was also carried 
out in Balikpapan Bay using the Regional Ocean 
Modeling System (ROMS). The governing equation 
is given in terms of flux, horizontal Cartesian 
coordinates and vertical sigma coordinates. The 
momentum equation for the x-, y- and z-direction 
used in the ROMS adapted from Warner et al. (2008), 
namely the terms u, v, Ω, Hz, f, p, ρ, g, and 𝜐.  
 
Figure 1. Bathymetry map of Balikpapan Bay and its 
surrounding area. The CTD station show in black 
dot, the estimation central area of new national 
capital city shows in red box, the existing Penajam 
Paseur Utara Regency, Kutai Kartanegara Regency, 
and Balikpapan City show in black box. The red line 
is transected of subsurface CTD data plot (Source: 
Hydro-Oceanographic Center, Indonesian Navy, 
2018). 
 
The equation for the x-, y-, and z-direction, 
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) + 𝐶𝑠𝑜𝑢𝑟𝑐𝑒  (5) 
 
Where u, v, Ω are components of the average velocity 
in the horizontal (x and y) and vertical (s) directions, 
the vertical coordinates sigma s = (z-η) / D starts 
from s = -1 at the base and s = 0 on the surface; z is 
a positive vertical coordinate with z = 0 at mean sea 
level; D is the total depth of sea water D = h + η, h 
is the depth below sea level from the seabed; Hz is 
the thickness of the grid cells, f is the Coriolis 
parameter, p is the pressure, ρ and ρ0 are the total 
density of seawater by reference, g is the acceleration 
due to gravity, 𝜐 and 𝜐0 are the molecular viscosity 
and diffusivity, C represents the tracer quantity (e.g. 
temperature and salinity ), Csource is the tracer source, 
and a function ρ = f (C) is used to describe the 
density relationship. This equation is then solved 
using the Reynolds stress parameter which is written 
in the equations (6). 
     
  𝑢′𝑤̅̅ ̅̅ ̅′ = 𝐾𝑀
𝜕𝑢
𝜕𝑧
    
  𝑣′𝑤̅̅ ̅̅ ̅′ = 𝐾𝑀
𝜕𝑣
𝜕𝑧
   (6) 
  𝜌′𝑤̅̅ ̅̅ ̅′ = 𝐾𝐻
𝜕𝜌
𝜕𝑧
   
      
Baroclinic 3-dimensional hydrodynamic model using 
ROMS was simulated. The bathymetry was extracted 
from global topography data fusion of NASA Shuttle 
Radar Topography Mission (Farr et al., 2007) land 
topography with measured and estimated seafloor 
topography (SRTM15_PLUS).  The data is corrected 
by sounding (Becker et al., 2009) and gravity data 
(Sandwell et al., 2014) and modified from SRTM 30 
product distributed by USGS EROS data centre. The 
grid resolution is 30 second which is roughly one 
kilometre. Land data are based on the 1-km averages 
of topography derived from the USGS SRTM 30 
gridded DEM data product created with data from 
the NASA Shuttle Radar Topography Mission. The 
horizontal level consists with 5 sigma level, as well as 
30 second of time step. 
The input model are 7 parameters of atmospheric 
data from ECMWF. They are wind in the level of 10 
meters, Air pressure, Air temperature, Air humidity, 
Precipitation, Long wave radiation flux, Short wave 
radiation flux (Liu et al., 1979). The 8-tide component 
get from TPXO. The components are M2, S2, N2, 
K2, K1, O1, P1, and Q1 (Egbert et al., 1994; Egbert 
et al., 2002). Then, the fresh water supply from 4-river 
run off. They are Rico river: 29.5 m3/sec; Wain river 
: 1.7 m3/sec; Sepaku river: 204.7 m3/sec; Semoi river 
: 327.5 m3/sec (Nur et al., 2018). 
 
Results 
The results of observations using CTD show the 
horizontal distribution of temperature, salinity, and 
chlorophyll as in Figures 2.a, 2.b, and 2.c, 
respectively. Vertically from the sea to the upstream 
of Balikpapan Bay, one can see the distribution of 
temperature, salinity, and chlorophyll, as in Figures 
3.a, 3.b, and 3.c.  
 
 
(a) Sea surface temperature 
 
 
(b) Sea surface salinity 
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Figure 2. The measurement results of oceanographic 
physics parameters in Balikpapan Bay (a) sea surface 
temperature, (b) sea surface salinity, and (c) sea 
surface chlorophyll. 
 
The data obtained is depicted quantitatively both 
horizontally and vertically to provide detailed 
information in Balikpapan Bay's water column. This 
vertical distribution (Figure 3) shows the occurrence 
of a mixture of seawater and freshwater from rivers 
that empties into Balikpapan Bay in the middle of the 
bay's waters, about 18 km from the mouth of bay. 
Freshwater from rivers and mangrove ecosystems 
located in most of Balikpapan Bay's coast provides a 
significant contribution to marine life and 
biodiversity in Balikpapan Bay and its surroundings. 
From the ecosystem observations along the 
Balikpapan coastal city are still dense with mangrove 
populations. Confirmation in the form of 
photographs of marine ecosystem conditions during 
field measurements will be analyzed descriptively. 
According to previous studies, it was said that there 
was a decrease in the area of mangrove forests 
(Widjayatnika et al., 2018; Lahjie et al., 2019). 
However, many mangrove species thrive and become 
a source of food for another biota, such as 
proboscis’s monkeys, several types of birds, and fish 
that are typical there (Lahjie et al., 2019).  
The preliminary results of numerical model showed 
in Figure 5, that the surface current in Balikpapan Bay 
dominated by tidal influences and river discharge.  
  
Discussion 
The ecosystem on the coast of Balikpapan City or 
in the northern part of Balikpapan Bay is dominated 
by mangroves, as shown in Figure 4 of the mangrove 
ecosystem along the Wain River (Widjayatnika et al., 
2018). This ecosystem is considered to maintain 
groundwater conditions and the presence of the 
surrounding biota. 
Until now, the observation of this ecosystem 
condition was supported by the oceanographic 
conditions in Balikpapan Bay's waters. The area of 
water mass mixing is shown by horizontal 
distribution (Figures 2.a and 2.b) and vertical 
stratification of temperature and salinity as far as 18 
km (Figures 3.a and 3.b) from the sea or around the 
mouth of the Wain River. This is in accordance with 
several previous studies (Nur et al., 2018; Nurjaya et 
al., 2018; Hermansyah et al., 2020) The chlorophyll-a 
concentration is still above one micromole/liter. This 
condition shows that the waters are still good enough 
to carry out photosynthesis for life in their waters. 
 
 
(a) Sub-surface temperature  
 
 
(b) Sub-surface salinity 
 
 
(c) Sub-surface chlorophyll 
 
Figure 3. Vertical distribution of (a) temperature, (b) 
salinity, and (c) chlorophyll from the estuary (0 km) 
to the upstream (32 km) in Balikpapan Bay. 
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Figure 4. Mangrove ecosystem along the Wain River. 
 
The simulation results (Figure 5) showed the 
occurrence of surface current rotate at the estuaries 
of the Wain and Riko Rivers. This result is similar to 
oceanographic observations where there is a strong 
mixing of the two river estuaries (Figure 3), 








Figure 5. The surface current in high water during 
(a) spring and (b) neap tide 
 
What attracts surface currents in Balikpapan Bay 
is during high seawater. When the high water during 
the spring tide, the surface current moves from the 
sea into the bay and there is a strong rotation when it 
meets the fresh water from the river. During neap 
tide even when the seawater is high, surface currents 
move out of the bay to the sea. Those shows that the 
river discharge that empties into Balikpapan Bay can 
be as strong as the entry of sea water from the 
Makassar Strait, depending on the time of spring tide 
or neap tide. 
However, considering that human activities on 
land and above these waters increase (East 
Kalimantan Central Bureau of Statistics, 2020), 
environmental degradation can occur in the 
Balikpapan Bay area. The abandoned sand mining 
activity allows sedimentation from land to rivers and 
finally to the sea (Soeyanto et al., 2018). Offshore 
shipping and oil drilling activities can also increase 
water pollution (Goni et al., 2015). This condition has 
been felt by the disappearance or extinction of 
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several species of animals such as crocodiles, 
porpoises, and several species of birds and 
proboscis’s monkeys whose live depend on 
mangrove leaves and pollution-free waters. 
 
Conclusion  
Oceanographic conditions in Balikpapan Bay can 
still be said to be quite beneficial. The confluence of 
freshwater and marine masses is very important for 
marine life in Balikpapan Bay. The influence of sea 
tides and river discharge plays an important role for 
the mixing in this area. The mixing area, about 18 km 
from the mouth of Balikpapan Bay, allows for the 
sedimentation process but has little effect on other 
water quality conditions.  
If the community needs land and the planned 
relocation of the New Capital City requires a large 
enough area, the possibility of mangrove degradation 
and environmental degradation will increase. 
Therefore, according to its use, land arrangement is 
needed in developing this area. 
 
Acknowledgments 
This research was funded by Research and 
Innovation Research Group, Institut Teknologi 
Bandung (ITB) in 2020, entitled "Assessment of 
Ocean Health Index in Balikpapan Bay and its 
surroundings to support Planning for the New 
Capital City of the Republic of Indonesia" and 
Collaboration Research - ITB in 2021, entitled 
“Numerical Assessment of Coastal Environmental 
for the New Capital City Plan of the Republic of 
Indonesia in Balikpapan Bay, East Kalimantan”. 
Thank you for the support of students from the 
Physics Study Program, Faculty of Mathematics and 
Natural Sciences (FMIPA), Mulawarman University, 
Samarinda, East Kalimantan. 
  
References 
Becker, J.J., D.T. Sandwell, W.H.F. Smith, J. Braud, B. Binder, J. 
Depner, D. Fabre, J. Factor, S. Ingalls, S-H. Kim. 2009. Global 
bathymetry and elevation data at 30 arc seconds resolution: 
SRTM30_PLUS. Marine Geodesy, 32(4): 355-371. 
East Kalimantan Central Bureau of Statistics (Badan Pusat Statistik 
Provinsi Kalimantan Timur). 2020. Provinsi Kalimantan Timur 
Dalam Angka 2020 (Bidang Integrasi Pengolahan dan Diseminasi 
Statistik), Badan Pusat Statistik Provinsi Kalimantan Timur, 
Samarinda. 
Egbert, G.D., S.Y. Erofeeva. 2002. Efficient inverse modeling of 
barotropic ocean tides. Journal of Atmospheric and Oceanic 
Technology, 19(2): 183-204. 
Egbert, G.D., A.F. Bennett, M.G.G. Foreman. 1994. 
TOPEX/Poseidon tides estimated using a global inverse model. 
Journal of Geophysical Research, 99: 24821-24852.  
Farr, T.G., P.A. Rosen, E. Caro, R. Crippen, R. Duren, S. Hensley, M. 
Kobrick, M. Paller, E. Rodrigues, L. Roth. 2007. The shuttle radar 
topography mission Rev. Geophys 45 (RG2004).  
Goni, G.J., J.A. Trinanes, A. MacFadyen, D. Street, M.J. Olascoaga, 
M.L. Imhoff, F. Muller-Karger, and M.A. Roffer. 2015. Variability 
of the deep-water horizontal surface oil spill extent and its 
relationship to varying ocean currents and extreme weather 
conditions. In: Ehrhardt, M. (ed.). Mathematical modelling and 
numerical simulation of oil pollution problems. Springer. USA. pp 
1-22. 
Hermansyah, H., N.S. Ningsih, N. Nabil, A. Tarya, S. Syahruddin. 
2020. Numerical modeling of tidal current patterns using 3-
dimensional MOHID in Balikpapan Bay, Indonesia. Jurnal Ilmiah 
Perikanan dan Kelautan, 12(1): 9-20. 
Ihsanuddin. 2019. Jokowi Umumkan Lokasi Ibu Kota Baru Senin 
Siang Ini, Kompas, Jakarta, p. 1 
Lahjie, A.M., B. Nouval, A.A. Lahjie, Y. Ruslim, R. Kristiningrum. 
2019. Economic valuation from direct use of mangrove forest 
restoration in Balikpapan Bay, East Kalimantan, Indonesia. 
F1000Research, 8:9: 1-13. 
Liu, T.W., K.B. Katsaros, J.A. Businger. 1979. Bulk parameterization 
of air-sea exchange of heat and water vapor including the 
molecular constraints at the interface.  Journal of the Atmospheric 
Sciences, 36: 1722-1735. 
Nur, A.A., I. Mandang, S. Mubarrok, M. Riza. 2018. The changes of 
water mass characteristics using 3-dimensional Regional Ocean 
Modeling System (ROMS) in Balikpapan bay, Indonesia. In: IOP 
Conference Series: Earth and Environmental Science, 162: 
012006. 
Nurjaya, I.W., H. Surbakti, M.T. Hartanto, J.L. Gaol, A. Sulardi. 2018. 
Water mass dynamics in Balikpapan Bay, Eastern Kalimantan 
Indonesia. In IOP Conference Series: Earth and Environmental 
Science, 176: 012019. 
Ramadhani, Y. 2019. Alasan Jokowi Pilih Penajam-Kutai Jadi Ibu Kota 
Baru, Ganti Jakarta, Tirto, Jakarta, p. 1 
Sandwell, D.T, R.D. Müller, W.H.F. Smith, E. Garcia, R. Francis. 2014. 
New global marine gravity model from CryoSat-2 and Jason-1 
reveals buried tectonic structure. Science, 346(6205): 65-67. 
doi:10.1126/science.1258213  
Troupin, C., A. Barth, D. Sirjacobs, M. Ouberdous, J.-M. Brankart, P. 
Brasseur, M. Rixen, A. Alvera-Azcarate, M. Belounis, A. Capet, F. 
Lenartz, M.-E. Roussaint, J.-M. Beckers. 2012. Generation of 
analysis and consistent error field using the Data Interpolating 
Variational Analysis (DIVA). Ocean Modelling, 52-53: 90-101. 
Widjayatnika, B., D.P.T. Baskoro, A.E. Pravitasari. 2018. Analisis 
perubahan penggunaan lahan dan arahan pemanfaatan ruang 
untuk pertanian di Kabupaten Penajam Paser Utara, Provinsi 
Kalimantan Timur, Journal of Regional and Rural Development 
Planning, 1(3): 243-257. 
 
How to cite this paper:  
Putri, M.R., I.P. Anwar, Z. Sihotang, L.I. Bernawis, A. 
Setiawan, M. Riza, I. Mandang, W.M. Tatipatta. 2021. 
Observation and numerical modeling of physical 
oceanography in the Balikpapan Bay, East Kalimantan: 
Preliminary results. Depik Jurnal Ilmu-Ilmu Perairan, 
Pesisir dan Perikanan, 10(2): 130-135. 
 
 
 
